Introduction
The ovarian cycle is characterized by marked changes in tissue structure and cell function. In particular, the transition from follicle to corpus luteum involves rapid tissue remodelling accompanied by endocrine differentiation. Evidence from several tissues shows that endocrine cell phenotype can be regulated by components of the extracellular matrix (ECM). The speed and intensity of events in the ovary suggest a close relationship between ovarian cells and their extracellular environment (Luck, 1994) . Preliminary evidence for this relationship in cows, involving a differential response of luteinizing granulosa cells to various collagen types, has been reported by Luck et al, (1991) .
Despite the abundance of collagen in ECMs, its presence in the ovary is poorly described. Little is known about its cellular origin, or its involvement in the transition from follicle to corpus luteum. The follicular basement membrane contains the network collagen type IV (Bertolussi et al., 1989; Luck, 1994) , while the fibrillar collagen type I is the most abundant in the corpus luteum (up to 3% of tissue mass; Luck and Zhao, 1993) . Granulosa cells can secrete the components of the basement membrane in culture (Lavranos ef al., 1994) , but have not been demonstrated to do so in situ. Enzymes regulating collagen turnover are expressed in the mature follicle and early corpus luteum (Freudenstein et al., 1990; Chun et al., 1992; Tadakuma et al., 1993) , but the expression of particular collagen types has not been studied.
In the study reported here immunological techniques were used to locate specific collagens in ruminant follicles and corpora lutea and the potential for collagen synthesis of particular tissues examined.
Methods
Ovarian tissues from the mid-to late follicular phase and from the early to late luteal phase were obtained from cows and sheep at slaughter. Cycle stages were determined morphologically (cow; Ireland et al., 1980) , or by reference to prostaglandin synchronization (sheep). Anti-collagen type I antibodies (polyclonal, anti-human; HyClone, UT, and polyclonal, anti-bovine, from D. Hartmann, Institut Pasteur, Lyon), collagen type IV (monoclonal, anti-human and bovine; Sera-Lab, Crawley, Sussex) and von Willebrand factor (vWF; polyclonal, anti-rabbit; Dako, High Wycombe, Bucks.) were used (i) as histochemical markers of cryosectioned tissues, and (ii) in western analysis of SDS-PAGE-separated extracts from follicular fluid, granulosa, basement membrane-theca and corpus luteum tissues. The potential of tissues to synthesize collagen was determined by assaying prolyl-4-hydroxylase activity (Kaule and Giinzler, 1990, modified) . Briefly, the conversion of 2-oxo['4C]glutarate (an enzyme cofactor) to rCisuccinate was measured in the presence of tissue extract, a specific synthetic substrate (Ipro-pro-gly],, polymer) and additional co-factors (Fe2+, ascorbate, 02).
Results
As initially predicted, collagen type IV was immunolocated as a discrete band in the follicular basement membrane, separating the theca and granulosa (Fig. 1a) . Discontinuous layers were also seen within the theca, and occasional fragments of type IV-immunoreactive material occurred in the follicular antrum. No type I immunostaining was seen in the follicular antrum, but it was abundant in the theca and stroma where it formed concentric layers (Fig. lb) . Both types of collagen were detected in sections of corpus luteum but type I was the more abundant, occurring in diffuse structures (Fig. lc) . Type I also formed concentric layers in the extra-luteal stroma (not shown). Type IV appeared in patches within the corpus luteum, as fragments or associated with endothelial structures (Fig. lc) . Fragments were also visible in the extra-luteal stroma, but there were no discrete membranes (not shown). A specific marker of endothelial cells, von Willebrand factor, was also located as a diffuse component of the corpus luteum (Fig. ld) .
Western analysis revealed the presence of collagen type I in the basement membrane-theca region of the follicle and in the corpus luteum, but not in the granulosa layer or follicular fluid (Fig. 2a) . In contrast, type IV was detected in all follicular regions, with a particularly intense signal in follicular fluid (Fig. 2b) . It was also detectable in corpus luteum extracts from the late luteal phase.
Significant prolyl hydroxylase activity was detected in the follicular fluid, granulosa and basement membrane-theca of non-atretic follicles (Fig. 3) . The total quantity increased with follicle size during the mid-follicular phase and declined in larger follicles. Its distribution between the tissue fractions changed in favour of the basement membrane-theca as follicles matured. Enzyme activity was also found in corpus luteum tissue, particularly in the early and middle phases (not shown). Numbers in parentheses represent number of follicles.
Discussion
The data presented here confirm that collagen types I and IV are major structural components of the ruminant follicle and corpus luteum. The tissue-specific localization of individual collagen types is consistent with their proposed role as regulators of cell phenotype during tissue remodelling. Collagen type IV occurs in the follicular basement membrane but also in tissues on both the thecal and antral sides of the membrane. Its presence in follicular fluid and granulosa, together with significant enzyme activity in these regions, supports the view that the granulosa is involved in basement membrane synthesis (Lavranos ef al., 1994) . Since neither the fluid nor the granulosa exhibit a membranous structure, the granulosa-theca interface may be specifically conducive to type IV (membrane) precipitation. Membrane fragments may also be released antrally as a result of basement membrane turnover during follicular growth. The detection of type IV as a diffuse component of the corpus luteum indicates that its synthesis is not confined to the follicle. Although it is possible that fragments of basement membrane persist after ovulation, the similarly diffuse distribution of vWF suggests that much, or all, of this collagen can be ascribed to the luteal endothelium. The corpus luteum has an extensive vasculature (Zheng ef al., 1993) and endothelial cells are among the most abundant of luteal cells (Farin et al., 1986) .
Collagen type I is the predominant structural collagen of the corpus luteum, synthesized rapidly as the organ develops (Luck and Zhao, 1993) . Since type I is absent from the follicular antrum, the post-ovulatory reorganization of the follicle means that this collagen represents a new extracellular surface as far as luteinizing granulosa cells are concerned. Such cells respond to type I in vitro by increasing their expression and synthesis of luteal hormones (Luck ef al., 1991). The present observations are therefore consistent with the hypothesis that collagen is an important local regulator of endocrine cell phenotype. The cellular origin of luteal type I remains to be established. Granulosal, thecal and luteal tissues all possess the enzymic machinery for the post-translational hydroxylation of proline, and, therefore, several endocrine and non-endocrine cell types are potential candidates.
Conclusion
We conclude that collagen types I and IV are major structural components of the ruminant follicle and corpus luteum. Membranes containing type IV occur in the basement membrane and theca, but the protein is also detectable in granulosa cells and follicular fluid. Since these regions also possess prolyl hydroxylase activity, it is likely that the granulosa contributes to the synthesis and turnover of the basement membrane during follicle growth. Type IV is also present in the corpus luteum, probably in association with the endothelium. 
